Under rainfed conditions, farmers rarely use micro-nutrients for crop production, due to which soils become deficient especially in zinc (Zn) and boron (B). Secondly, farmers apply nutrients through soil application but scarcity/less availability of moisture make the nutrients unavailable for crop plants. Under such circumstances, foliar application of Zn and B may play a key role for better crop growth and yield. Therefore this field study was conducted to investigate the role of Zn and B application alone and in combination through seed, soil and foliar application methods on growth, yield and net returns of maize grown under rainfed conditions. Results showed that combined application of Zn and B on foliage improved relative water contents, SPAD chlorophyll values, leaf area index (LAI), crop growth rate (CGR), and grain yield due to substantial expansion in entire yield related traits. Combined foliar application of Zn and B harvested 12% and 45% more yield compared with seed priming and control treatments, respectively. The foliar application of Zn and B in combination counteracted the low rainfall effect by producing higher relative water contents that helped in improving SPAD-chlorophyll values, LAI and CGR. Higher net returns and benefit: cost ratio was also obtained by foliar application of Zn and B in combination. In conclusion, combined foliar application of B and Zn improved maize yield due to significant expansion in allometric and yield related traits and thus improved net returns of maize grown under rainfed conditions of Pothwar plateu in Pakistan.
Introduction
Maize (Zea mays L.) is considered as leading cereals in the world as far as its production per unit area is concerned (FAO, 2010) . Among cereal crops of Pakistan, it ranks third after wheat and rice with annual production of 4.94 million tons and average yield of 4.32 tons per hectares from an area of 11.42 million hectares (Govt. of Pakistan, 2015) . In Pakistan, its average yield is very low as compared to developed countries especially in rainfed region compared to irrigated areas (Govt. of Pakistan, 2009 ), due to low soil fertility and less availability of moisture at later crop growth stages. In addition to macronutrients like nitrogen (N), phosphorus (P), and potassium (K), most of the cereals mainly maize suffer micronutrients dearth, zinc (Zn) and boron (B) in particular (Rashid and Rayan, 2004) . Maize, being C 4 crop, is responsive to nutrients at all growth stages; and with adequate supply, it gives higher production (Song and Dia, 2000) .
Crops grown in arid or semi-arid regions are mostly exposed to low soil fertility and exhibit multiple nutrient deficiencies due to low organic matter and alkaline calcareous nature that limit the crop production (Rafique et al., 2006) . The rainfed soils of Pakistan are deficient in Zn and B as compared to irrigated areas. The prime reason of this deficiency is the unavailability of irrigation water to apply the nutrients to crop plants under field conditions in rainfed regions. Secondly, most of the Pakistani farmers do not apply micronutrient especially Zn and B (Kanwal et al., 2010 ) that lead to their deficiency in soil and causes yield reduction.
Zinc being essential nutrient plays a significant role in stomatal regulation and reducing the tensions of less water by creating ionic balance in plants system (Baybordi, 2006) and is involved in various physiological processes such as synthesis of protein and carbohydrates (Yadavi et al., 2014) . Similarly, B application improves growth, and enhances stress tolerance in plants and improves grain production . Both Zn and B play an important role in the basic plant functions like photosynthesis, protein and chlorophyll synthesis (Cakmak, 2008) . These nutrients (Zn and B) are also involved in root growth, synthesis of proteins and carbohydrates, increase flower setting (Moeinian et al., 2011) and reduce kernel abortion especially (Wahid et al., 2011) .
The nutrient deficiency can be corrected by applying micronutrient containing fertilizers. The nutrients can be applied to crop plants in a variety of ways like seed treatment, soil application and foliar spray. Every method has its advantages and disadvantages (Rehim et al., 2012) , depending upon the soil and climatic conditions of the area. Soil application of Zn and B is highly helpful in improving the maize productivity (Kanwal et al., 2010) . However, according to economic point of view, seed treatment and foliar application are better options because these are economical than soil application. Seed priming with different B solutions reduces time to 50% germination and improves the final germination percentage in rice (Farooq et al., 2011) . Foliar application of micronutrients is 6 to 20 times more useful than the soil application and improves the nutrition (Arif et al., 2006) . Foliar application of Zn reduces the micronutrient deficiencies and it is an efficient method because nutrients are easily absorbed through leaves and is best option to compensate micronutrient deficiencies in shorter period of time under rainfed regions (Nasiri et al., 2010) . Foliar application of B at earlier, middle and later growth stages along with recommended dose of NPK resulted in higher maize food and fodder yield (Soomro et al., 2011) . Similarly, in B and Zn deficient soils, their combined soil application significantly increased the plant height, root length, leaf area index, Improving maize performance through foliar application of Zn and B shoot and root dry weight and chlorophyll content (Panhwar et al., 2011) .
Though the role of micronutrients, like Zn and B, application in improving maize performance is well documented; however very little is known about the effect of combined application of B and Zn through different methods on maize performance grown under rainfed conditions.Therefore, this field study was designed to evaluate the role of Zn and B application alone and in combination with different methods in improving productivity and net returns of maize grown under rainfed conditions of Pothwar plateau.
Materials and Methods

Experimental site
This field experiment was conducted at University Re- 
Crop husbandry
Seedbed was prepared with the help of tractor mounted cultivator followed by planking four days after occurrence of rainfall when the field reached to workable moisture conditions. The crop was sown on August 13, 2012 on well prepared seedbed with single row hand drill at a seeding rate of 25 kg ha 
Measurements
Crop allometry
Above ground biomass and leaf area index ( of leaf area to the land area. Then, the entire plant biomass was oven-dried at 70 °C to a constant weight for 48 h which was then used to determine crop growth rate (CGR) following Hunt (1978) .
SPAD chlorophyll and relative water contents
Ten plants were randomly selected from each experimental unit at R1 (silking) stage and SPAD chlorophyll value was measured non-destructively with the portable SPAD-502 Chlorophyll Meter (Minolta Co., Ltd.) from the flag leaf of each plant, and then averaged. During measurements with the SPAD-502, the sensor head was shaded with the operator's own body as recommended by the manufacturer to avoid direct sunlight from reaching the instrument.
To determine leaf relative water contents (RWC), three plants from each experimental unit were randomly selected and their youngest leaves were harvested and then weighed to measure fresh weight (FW). Then, the leaves were immersed in deionized water in beakers for 24 h and fully turgid weight (TW) Improving maize performance through foliar application of Zn and B was measured. Then, the leaves were oven dried at 70 °C until constant weight and dry weight (DW) of leaves was measured. Leaf RWC (%) were calculated using the below given formula:
Yield and related traits
At physiological maturity each experimental unit was harvested manually, sun dried for 8 days and tied into small bundles. When bundles were fully dried, these were weighed to record biological yield and then converted into t ha -1 . After recording biological yield, the cobs and stalk were separated. Ten cobs were randomly selected from each experimental unit to measure cob length (cm). Cobs were then shelled with the help of mechanical sheller and weighed to record grain yield per plot, which then converted into t ha -1 . 1000-grains were counted from each shelled plot and weighed to determine 1000-grain weight. Harvest index (HI) was estimated as a ratio between grain and biological yield and expressed in percentage (%).
Statistical analysis
Data collected using standard procedures were statistically analyzed using Statistix 8.1 software using tukey test. Analysis of variance technique and tukey test at 5% probability level was used to compare the differences among treatment's means (Steel et al., 1997) . Moreover, Microsoft Excel Program was used for the graphical presentation of data using standard error (± S.E.).
Economic analysis
An economic analysis was carried out to assess the economic feasibility of different nutrient treatments and application methods used. Total expenses for growing maize were included primary tillage operations, land rent, seedbed preparation, seed, sowing, fertilizers, nutrient application, weeding, harvesting and shelling of crop. Gross income was estimated according to current market price for the maize grain in the country. Moreover, net income was worked out by deducting the total expenses from gross income while benefit-cost ratio (BCR) was calculated as a ratio of gross income to total expenses by using the methodology as described in CIMMYT (1988) . (Table 1) . Similarly, higher SPAD chlorophyll value was observed in maize grown by the application of both Zn and B in mixture with minimum SPAD chlorophyll grown in control treatment. However, foliar application of nutrients improved SPAD chlorophyll compared with soil application and seed priming with minimum value observed in seed priming (Table   1) . Different nutrients and their methods of application had significant effect on cob length and number of grains per cob (Table 2) . Among application methods, foliar application and nutrient treatments, combined application of Zn and B improved cob length and number of grains per cob compared with other treatments (Table 2) . Regarding interaction among application methods and treatments application, combined foliar application of Zn and B improved cob length and number of grains per cob followed by Zn alone; however, maize produced smaller cobs with lesser number of grains per cob in control treatments (Table 2) .
Results
Different nutrient treatments
Nutrient treatments, application methods and their interaction significantly affected 1000-grain weight, grain and biological yield (Table 3, 4). Application of
Zn and B mixture improved 1000-grain weight followed by sole applied Zn and B compared with control (Table 3) . Similarly, maize grown through foliar application of nutrients produced healthy seed and resulted in higher 1000-grain weight compared with seed priming and soil application (Table 3) . However, foliar application of Zn and B mixture improved 1000-grain weight followed by sole application of Zn and B through soil and foliage; while, non-availability of nutrients caused reduction in 1000-grain weight (Table 3) . Similarly, plants fertilized with Zn, B mixture produced more grain yield than other nutrient treatments and produced 45% more yield than control (Table 3) . Similarly, foliar application produced about 9% higher yield than seed priming. However, plants grown through foliar application of Zn, B mixture produced 54% higher yield compared with all other nutrients treatments and application methods ( Table   3 ). Maize grown with Zn and B mixture produced 39% higher yield than controlled treatments, while foliar application produced 6% higher biological yield compared with seed priming (Table 4 ). It is indicated that foliar application of Zn and B mixture produced a higher biological yield compared with other treatments (Table 4) . However, nutrient treatments and application methods had non-significant on harvest index of maize (Table 4) .
Economic analysis of the experiment indicated that
application of B and Zn alone and in combination using all tested methods of application improved the net income and benefit: cost ratio (BCR) against control plots (Table 5) . However, foliar application followed by soil application of B and Zn in combination observed the maximum gross income, net income and BCR of maize grown under rainfed conditions (Table 5) .
Table 1. Effect of nutrient treatments and application methods on relative water contents and SPAD chlorophyll in maize
Means not sharing the same letter do not differ significantly at p ≤ 0.05 ± S.E. DS = dry seeding, B = boron application, Zn = zinc application, B+Zn = zinc and boron application, SP = seed priming, SA = soil application, FA = foliar application Means not sharing the same letter do not differ significantly at p ≤ 0.05 ± S.E. DS = dry seeding, B = boron application, Zn = zinc application, B+Zn = zinc and boron application, SP = seed priming, SA = soil application, FA = foliar application Table 3 . Effect of nutrient treatments and application methods on 1000-grain weight and grain yield in maize
Means not sharing the same letter do not differ significantly at p ≤ 0.05 ± S.E. DS = dry seed sowing, B = boron application, Zn = zinc application, B+Zn = zinc and boron application, SP = seed priming, SA = soil application, FA = foliar application, T = treatments, M = methods Table 4 . Effect of nutrient treatments and application methods on biological yield and harvest index in maize
Means not sharing the same letter do not differ significantly at p ≤ 0.05 ± S.E. DS = dry seed sowing, B = boron application, Zn = zinc application, B+Zn = zinc and boron application, SP = seed priming, SA = soil application, FA = foliar application, T = treatments, M = methods Improving maize performance through foliar application of Zn and B responsive to water and nutrients with high nutrient requirement at all growth stages; and with their adequate supply, it gives higher yield. But, the deficiency of nutrients especially Zn and B retards maize growth, hence reduces crop yield (Aref, 2011) . Application Zn and B increased the photosynthesis and chlorophyll production that ultimately increases the dry weight and CGR leading to increased yield (Tariq et al., 2014) .
Plant leaves act as a source for capturing light and assimilate production. In the current study, plants treated with foliar application of Zn and B mixture produced more LAI which might be due to increase in indole acetic acid hormone through B fertilization (Zhou et al., 2016) . Increased RWC under Zn and B mixture might be due to the fact that Zn is involved in stomatal regulation (Baybordi, 2006; Marschner, 2012) . Wasaya et al.
This might be due to leaf membrane stability (Sayed, 1998) by B application, as foliar appli¬cation of micro-nutrients increases resistance in plants against abi¬otic stresses (Tariq et al., 2004) . It might also be due to increase in length and width of leaves, because Zn is involved in cell division (Zhu et al., 2015) which increases chlorophyll production (Samreen et al., 2013) . Leaves plays a significant role and act as assimilatory organs therefore, reduction in LAI under controlled treatment and seed priming might be responsible for declined CGR and the reverse the case under foliar application of Zn and B mixture. Secondly, less chlorophyll in control treatment might be a possible reason for reduction in CGR. Higher CGR under foliar application of Zn and B mixture might be due to higher chlorophyll and LAI which leads to more biomass production. Increased CGR might be due to activation of different physiological processes like stomatal regulation, chlorophyll formation, enzyme activation and biochemical processes due to foliar application of micronutrients which resulted in increased dry matter production (Cakmak, 2008 : Khan et al., 2010 Marschner, 2012) . Foliar applied Zn and B increased the photosynthesis and chlorophyll production that ultimately increases the dry weight and CGR (Tariq et al., 2014) . Moreover, the deficiency of these micronutrients cause discoloration of the foliage and necrosis of upper leaves (Monreal et al., 2015) . Grain yield is the combined effect of different yield related traits. Increase in grain yield under foliar applied Zn and B mixture might be attributed to notable expansion in entire yield related traits ( Table   1-3) . Similarly, it might be due to higher translocation of carbohydrates to grains (Rajaie and Ziaeyan, 2009 ), which ultimately resulted in higher grain yield under foliar application of micronutrients. Increase in cob length by the foliar applied Zn and B mixture might be due to higher CGR (Figure 3 ). Increase in 1000-grain weight through foliar application of Zn and B mixture might be attributed higher CGR ( Figure   2 ). It is the fact that B application enhanced the pollen tube germination, grain setting which is involved in metabolism, increased root growth, synthesis of proteins carbohydrates (Moeinian et al., 2011) which improved the grain yield due by the application of B and other micronutrients (Tabrizi et al., 2009) . Several researchers have also reported the higher 1000-grain weight in maize by the foliar application of micronutrients (Tabrizi et al., 2009) . Increase in biological yield might be to due increased LAI, CGR, chlorophyll contents and grain yield. It might be due to activation of different physiological processes like stomatal regulation, chlorophyll formation, enzyme activation and biochemical processes through application of micronutrients (Cakmak, 2008; Khan et al., 2010) which resulted in high dry matter production.
Farmers adopt any technology by considering its economic feasibility in terms of cost and profit involved for growing any crop . Economic analysis of the current study showed that foliar application of both B and Zn found superior over other nutrient treatments and application methods to achieve maximum net income and BCR (Table 5 ) due to increased maize yield, which is main concern of the farmers.
Conclusion
Results of this field study disclosed that application of Zn and B had improved leaf chlorophyll and relative water contents, which in turn improved crop allometry, yield components and productivity of maize. Moreover, the foliar application of Zn and B in combination performed better and improved the net returns of maize grown under rainfed conditions of Pothwar plateu in Pakistan.
